We consider a sample of 412 galaxies with radial velocities V LG < 2500 km s −1 situated in the sky region of RA = 13
Introduction
Mass radial-velocity measurements of galaxies in the recent optical and radio sky surveys like the SDSS [1] , HIPASS [2, 3, 4] , and ALFALFA [5, 6] led to a significant enrichment in our understanding of the large-scale structure and galaxy motions in the nearby universe. Based on the data on approximately 10 4 galaxies with radial velocities relative to the centroid of the Local Group V LG < 3500 km s −1 , Karachentsev and Makarov [7, 8, 9 ] compiled catalogs of galaxy systems of different multiplicity throughout the sky, with the total number of about a thousand. For galaxy clustering, a new algorithm was applied that took into account individual masses (luminosities) of galaxies. Using the mutual separations, radial velocities and luminosities of galaxies in the K-band, they determined virial and stellar masses of galaxy systems in the volume of a 48 Mpc radius, which covers the entire Local Supercluster and its nearest neighborhood.
One of important results of these studies was the estimation of the bulk matter density, enclosed in the systems of galaxies, Ω vir m = 0.08 ± 0.02, which proved to be 3 to 4 times lower than the average global matter density Ω m = 0.26 ± 0.02 [10] . Various assumptions were made to explain this discrepancy, listed in [11] : a) groups and clusters are surrounded by extended dark haloes, and their main dark mass is localized outside the virial radius of the system; b) the considered volume of the Local Universe is not representative, being located in a giant cosmic void; c) a large part of dark matter in the universe is not enclosed in groups and clusters, but is distributed between them in diffuse large-scale structures (filaments, knots).
However, none of these assumptions has yet received any convincing observational evidence. Further accumulation of data on the radial velocities and distances of galaxies is obviously required, as well as the verification of the effectiveness of the criterium unifying the galaxies into groups. Following this idea, we conducted an analysis of observational data on galaxies in 5 areas with a fairly representative number of objects. Three of them are located along the plane of the Local Supercluster to the north [12, 13] and to the south [14] from the Virgo cluster. Two other: the Bootes region [15] and the LeoCancer region [16] cover the zones at high supergalactic latitudes. Location of the studied sky regions is demonstrated in Fig. 1 in equatorial coordinates. Points mark the positions of 5725 galaxies with radial velocities of V LG < 3000 km s −1 , a ragged ring-shaped band denotes a zone of strong extinction in the Milky Way. In addition to the 5 previous zones (marked in a light gray tone), we are considering here a new region, bounded by the following coordinates: RA from 13 h . 0 to 19 h . 0, and Dec from +10
• to Figure 1 : Sky distribution of the Local Supercluster galaxies in equatorial coordinates. The Hercules-Bootes and five other regions we have previously studied are marked in dark color. A ring-shaped patchy band indicates a zone of strong extinction.
+40
• . Since the relative number of galaxies with distance estimates steeply drops with increasing radial velocity of galaxies, we confined ourselves to considering only the objects with the velocities of V LG < 2500 km s −1 , which corresponds to a somewhat larger volume than those in our previous studies.
Observational data
The region in question partially overlaps with the SDSS, HIPASS and ALFALFA sky survey regions. The main source of galaxy data we used is the NASA Extragalactic Database (NED) (**) with additions from the Hyper-LEDA [17] . Each object with a radial velocity estimate V h was visually inspected, and a large number of false 'galaxies' with radial velocities of around zero was discarded. For many galaxies, we have refined the morphological types and integral B-magnitudes. In the absence of photometric data the apparent magnitudes of a number of galaxies, usually dwarf ones, were estimated comparing them with the images of other objects having a similar structure and reliable photometry.
In total, there are 412 galaxies in this region of the sky possessing radial velocities of V LG ≤ 2500 km s −1 . Their list is presented in Table 1 , the full version of which is avail-(**) http://ned.ipac.caltech.edu able in the electronic form in the VizieR database (***) . The columns of the table contain: (1) the name of the galaxy or its number in well-known catalogs; (2) equatorial coordinates for the epoch (2000.0); (3) radial velocity (in km s −1 ) relative to the centroid of the Local Group with the apex parameters accepted in the NED; (4) morphological type of the galaxy according to the de Vaucouleurs classification; (5) integral apparent magnitude of the galaxy in the B-band; (6) the FWHM of the 21 cm radio line (in km s −1 ); (7) the distance modulus corrected for the extinction in the Galaxy [18] and internal extinction [19] ; (8) the method by which the distance modulus is determined; (9) the name of the brightest galaxy in the group/pair to which this galaxy belongs according to [8, 9] or [7] .
The considered region of the sky contains only one galaxy with a high-accuracy measurement of distance by the cepheids ("cep"). For four early-type galaxies the distances are determined by the surface brightness fluctuations ("sbf", [20] ), and for nine very nearby galaxies the distances are measured by the luminosity of the red giant branch ("rgb"). In the remaining galaxies of our sample the distance moduli are determined by the Tully-Fisher relationship [21] with the calibration according to [22] :
(***) http://cdsarc.u-strasbg.fr//viz-bin/qcat?J/other/AstBu/72.2 Table 1 as "TF". For late-type galaxies (dIr, dIm, Sm) in which the HI-value m 21 = −2.5 log F (HI) + 17.4 is brighter than the apparent magnitude, m 21 < B, we introduced the "baryon correction", replacing the B-magnitude in the distance modulus by m 21 . We designated these cases as "bTF". Galaxies with the average distance modulus values from the NED are marked in column (8) by lower-case letters "tf". In total in the region considered, there are 167 galaxies with distance estimates by TullyFisher, among them our new estimates make up about 70%.
In some galaxies from the ALFALFA HI-survey [5, 6 ] the width of the W 50 radio line does not correspond to the structural type of the galaxy T and its apparent magnitude B T . The reason for this discrepancy may be a confusion during the optical identification of a radio source, or a low signal-to-noise ratio in the HI line. Such galaxies are marked in Table 1 with an asterisk.
The distribution of 412 galaxies by radial velocity and 181 galaxies by the distance are shown in Figs. 2a, b, respectively. Several galaxies with velocities greater than 2500 km s −1 belong to the NGC 5353 and NGC 6181 group members, the average velocity of which lies at the boundary of the selected range V LG . Figure 2a reveals a local excess of galaxies with the velocities of about 1000 km s −1 , which is obviously due to the presence of galaxies, associated with the spurs of the Virgo cluster in the considered region. A part of these galaxies apparently causes a peak that is noticeable in the N (D) distribution at the distance of D ≃ 18 Mpc (Fig. 2b) . With an average distance of the sample galaxies of about 26 Mpc and a typical distance error of around 20%, the expected accuracy of peculiar velocity is 380 km s −1 . The excess of the observed velocity dispersion over the expected dispersion may indicate the existence of large-scale motions of galaxies in the Hercules-Bootes region. Note that in the volume we consider, the number of galaxies with peculiar velocity estimates is approximately twice as large as that contained in the Cosmicflows-2 and Cosmicflows-3 databases of galaxy distances [23, 24] .
The total distribution of 412 Hercules-Bootes galax- igure 3: The distribution of galaxies in the Hercules-Bootes region in equatorial coordinates. Galaxies with distance estimates are represented by filled circles, the remaining galaxies with velocities of V LG < 2500 km s ies in equatorial coordinates is shown in Fig. 3 . Galaxies with distance estimates and without them are marked by dark and bright circles, respectively. The most populated groups are designated by the names of their brightest members. This diagram demonstrates the clustering of galaxies into systems of different multiplicity, as well as a global increase in the number density of galaxies from the left to the right edge approaching the equator of the Local Supercluster.
Groups and pairs of galaxies
Combining the galaxies into systems of different multiplicity, we were guided by the criterion proposed in the paper [9] . According to it, each virtual pair ij must satisfy the condition of negative total energy
where G is the gravity constant, and the condition of finding its components inside the "zero-velocity sphere", which isolates this pair relative to the global Hubble expansion
where H 0 is the Hubble parameter. Here V ij and R ij are the differences between the radial velocities and the projection of mutual separations of the virtual pair components, M ij is their total mass expressed through the K-luminosity M/L K = κM ⊙ /L ⊙ . To estimate the total mass of the galaxy, we took the value of the dimensionless parameter κ = 6, at which the structure and virial mass of the well-studied nearby groups is best reproduced. The clustering algorithm involves a sequential revision of all the galaxies of the initial selection and the subsequent grouping of all pairs possessing common members.
Therefore, 17 galaxy groups with populations of three or more members were selected in the considered region of the sky. The main data about them are presented in the columns of Table 2 : (1) the name of the brightest member of the group; (2) the equatorial coordinates of the center of the group; (3) the number of members with measured radial velocities; (4) the average radial velocity of the group (km s −1 ); (5) the root-mean-square velocity of galaxies relative to the average (km s −1 ); (6) the harmonic average radius of the group (kpc); (7) the logarithm of the total stellar mass of the group (in M ⊙ units), determined from the K-band luminosity of its members at M * /L K = M ⊙ /L ⊙ ; (8) the logarithm of the projected (virial) mass in M ⊙ units:
where ∆V i and R i are the radial velocity and the projection distance of the i-th galaxy relative to the center of the system; (9) the number of members with measured distances; (10) the average distance modulus of the group; (11) the variance of the moduli of the group members; (12) linear distance in Mpc at the mean modulus m − M ; (13) peculiar velocity of the center of the group, V pec = V LG − 73 D , (km s −1 ). The last row of the table corresponds to the average values of the parameters.
As follows from these data, the characteristic radius of the group (182 kpc) and the characteristic dispersion of radial velocities (67 km s −1 ) prove to be typical of the Local Group and other nearby groups in the Local Volume [25] . The characteristic stellar mass of the group in Table 2 : Properties of the galaxy groups in the Hercules-Bootes region If the clustering algorithm for galaxies is correctly selected, then the distance modulus variance of group members should be determined by the distance measurement errors. In our case, the distances of most galaxies are measured by the Tully-Fisher method, the error of which is approximately 20% or 0.4. The average modulus variance for members of 17 groups amounts to 0.34, i.e. it is in agreement with the expected value.
Among the 17 groups listed in Table 2 , a group of galaxies around NGC 5353 is distinguished by large stellar and virial masses. The structure and morphological composition of this group were investigated in [26] . From the radial velocities of fifteen brightest members of the group the authors have identified the virial mass of this system as 2.1 × 10 13 M ⊙ . Our estimate of the total mass of the NGC 5353 group from 62 galaxies with measured velocities gives a twice higher value. In this case, the M p /M * = 47 ratio for it also looks typical of rich groups, similar to the nearby group Leo I. Considering the filamentary structures of galaxies in the broad vicinity of the Virgo cluster, Kim et al. [27] suggested that the NGC 5353 group is connected to the Virgo by a long (about 25
• ) thin filament. However, our data on the velocities and distances of galaxies in this area does not support this assumption.
In addition to 17 groups, this region contains 29 pairs of galaxies, a summary on which is presented in Table 3 .
The designations of the columns in it are similar to the previous table. A typical pair has a difference of the component radial velocities of ∆V 12 = 37 km s −1 , the projection distance between the components of R 12 = 96 kpc and the stellar mass of log M * /M ⊙ = 9.42. The projected (orbital) mass of the pair,
is on the average 8 times the total stellar mass: log(M p /M * ) = 0.92. The mean difference of the distance moduli for the components of the pairs, 0.45, testifies to an insignificant share of fictitious optical pairs among them. Figure 4 shows the Hubble velocity-distance diagram for the centers of groups and pairs of galaxies in the Hercules-Bootes region. Groups with individual distance estimates for two or more members are denoted by solid squares, while the groups with N D = 1 are shown as empty squares. The pairs of galaxies with N D = 2 and N D = 1 are depicted, respectively, by solid and empty triangles. The straight line corresponds to the Hubble parameter of 73 km s −1 Mpc −1 . It is clear from these data that an increase in the number of group members with Tully-Fisher distance estimates favours to reduce dispersion of peculiar velocities in the group centers. We expect that groups of galaxies identified by the criterion [9] with N D > 4 have a typical error of the average distance measurement of about 10%, i.e. their average velocities and average distance estimates by the Tully-Fisher method Table 3 : Pairs of galaxies in the Hercules-Bootes region can be successfully used for tracing the field of peculiar velocities along with other high-accuracy methods ("cep", "SN", "rgb").
Peculiar motions in the Hercules-Bootes region
Considering the observational data on radial velocities and distances of the galaxies in the Local Supercluster and its environs, Tully et al. [28] have identified two main factors, forming the local field of peculiar velocities: the infall of galaxies to the center of the Virgo cluster (the so-called Virgocentric infall) at a characteristic rate of about 180 km s −1 and the outflow of galaxies from the center of the expanding Local Void with the typical velocity of about 260 km s −1 . It is obvious that both these effects should influence the peculiar velocity field in the HerculesBootes region, stretching between the Local Void and the Virgo cluster.
Since the suspected center of the Local Void is located near the northern supergalactic pole at the latitude SGB≃ +77
• [29] , and the center of Virgo is almost on the equator of the Local Supercluster (SGB ≃ −2
• ), then the approximate orthogonality of these directions facilitates the analysis of the peculiar velocity field between them. As follows from these data, at intermediate supergalactic latitudes of SGB = [+10
• , +60
• ] the values of the median peculiar velocity of galaxies vary in a narrow range from −200 to −400 km s −1 . At low supergalactic latitudes, SGB < 10
• , the median value V pec drops to the minimum value of about −700 km s −1 . Most of the galaxies in the SGB < 10
• zone have the distances of D > 16 Mpc, i.e. they are behind the Virgo cluster. Falling in the direction of the Virgo cluster as a massive local attractor, these galaxies acquire a significant negative line of sight peculiar velocity. The observed amplitude of the flow to Virgo proves to be comparable with the virial dispersion of the cluster velocities σ V ≃ 650 km s −1 . On the other side of the diagram at SGB > 60
• the statistics of the peculiar velocity data is poor. Nevertheless, there is a tendency of growth of the galaxy median velocity to the region of positive values. The interpretation of this effect depends on the model assumptions on the structure and kinematics of the Local Void. If its center is located at the distance of D c ≃ 10 Mpc [30] at SGB c = +77
• , then the galaxies with a typical distance of D ≃ 26 Mpc around the expanding void will have a positive component of the line of sight peculiar velocity. However, the real configuration of the Local Void according to the data of [31] looks more complicated. According to these authors, the Local Void is a chain of empty volumes, which, meandering like a horseshoe, covers both the Local Volume and the Virgo cluster.
Rizzi et al. [32] have recently measured with high accuracy the rgb-distances to two close dwarf galaxies located not far from the direction to the center of the Local Void: KK246 (D = 6.95 Mpc, SGB = +40
• ), as well as ALFAZOA1952+1428 (D = 8.39 Mpc, SGB = +76
• ). The galaxies have an average peculiar velocity of −90 ± 24 km s −1 . Given the recession velocity of the Milky Way itself from the center of the Local Void of about 230 km s −1 this corresponds to the recession velocity of these galaxies from the center of the void of about 320 km s −1 . Therefore, four different sets of observational data ( [28, 30, 32] , this article) on peculiar velocities of galaxies in the vicinity of the nearest void show that the walls of the void move outward from its center at a characteristic velocity of several hundred km s −1 .
Discussion
As it was repeatedly noted (see [9, 11] ), the total virial mass of groups and clusters in the Local Universe with a diameter of about 100 Mpc is only 8-10% of the critical density, which is about 3 times smaller than the global density of dark matter, Ω m = 0.26 ± 0.02. A significant enlargement of the observational base thanks to the recent optical and HI sky surveys left this contradiction almost unchanged. In this regard, it is useful to consider how the problem of missing dark matter looks like based on the data for various regions of the Local Supercluster. Table 4 presents the main characteristics of the three regions of the sky we have studied: Leo-Cancer, the Bootes strip and Hercules-Bootes, located outside the plane of the Local Supercluster, which is laden with the projection effects. The first three lines of the table contain: the area of each region in square degrees, the maximum velocity, up to which the galaxies were considered, and the volume of each region in Mpc 3 at H 0 = 73 km s −1 Mpc −1 . The following two lines (4 and 5) contain the number of galaxies in these zones with measured radial velocities (N V ) and distances (N D ). As shown in line 6, the number densities of galaxies with measured velocities are approximately the same in the Leo-Cancer and Bootes regions, while in the Hercules-Bootes zone this density is significantly lower than in the others. The number of groups and pairs of galaxies (line 7) varies significantly from zone to zone, while the least dense area, HerculesBootes contains an increased number of pair systems consisting of low-luminosity galaxies. The relative number of single (non-clustered) galaxies (line 8) makes up about a half in each region, along with that, the field popula- 
